Introduction
Primary percutaneous coronary intervention (P-PCI) is the best available reperfusion strategy in patients with acute ST-segment elevation myocardial infarction (STEMI). 1 However establishing myocardial reperfusion by P-PCI is associated with a serious complication called no reflow (NR); defined as final Thrombolysis in myocardial infarction (TIMI) flow <3 or TIMI 3 flow with TIMI myocardial blush grade (TMBG) 0 or 1 in absence of mechanical obstruction. 2 NR is considered to be an under-reported complication with a low incidence (1-3%) in large registries, based on TIMI flow grade, MBG and ST resolution. 3 Modern more sensitive methods of assessing NR and microcirculatory dysfunction, including myocardial contrast echocardiography (MCE) and cardiac magnetic resonance imaging (CMR), have recorded a higher incidence (10-30%). 4 Although these techniques have greater accuracy for detecting post-PCI suboptimal reperfusion, TIMI flow grade is the easiest and most commonly used method of evaluating P-PCI success. 5, 6 The objective of the present trial was to identify the prevalence of NR in patients with STEMI undergoing P-PCI in the current era and its predictors with short term outcome.
Patients and methods

Study population
According to the stent for life protocol implemented at Assiut University Hospitals since October 2015, 7 all patients from Assiut governorate area with STEMI are subjected to P-PCI. Our hospital provides a round-the-clock service of P-PCI with 16 trained physicians and dedicated nurses. Inclusion criteria were chest pain for >30 min and ST-segment elevation of >0.1 mV in at least 2 contiguous precordial leads, and admission within 12 h from chest pain onset. Exclusion criteria were recent surgery, recent stroke, recent spinal trauma, uncontrolled hypertension, hemorrhagic diatheses, severe liver or kidney failure, cardiogenic shock and known contraindications for therapy with aspirin, clopidogrel or heparin. All patients who fulfilled the P-PCI inclusion criteria according to the stent for life protocol were prospectively included in the study. Patients were divided into 2 groups according to the occurrence of NR. Group I patients with normal flow whose final TIMI flow grade was 3, and group II patients with NR. NR was defined as final TIMI flow grade <3 or with TIMI 3 distal flow but with TMBG 0 or 1 in absence of any spasm or dissection at least 10 min after the end of P-PCI procedure. 8 Between 1st of October 2015 and 30th of November 2016, we enrolled 310 consecutive STEMI patients accepted for P-PCI in the study. Seventeen patients were excluded for presence of flow limiting mechanical obstruction either visible dissections or lesions >70% stenosis distal to the implanted stent in the IRA. 3 Patient's medical history, symptoms on arrival, electrocardiographic examination, angiographic, laboratory, echocardiography, clinical follow-up data were recorded in all patients (Fig. 1) . The study was approved by the Assiut University institutional review board and complies with the Declaration of Helsinki. A written informed consent was obtained from all patients.
Patients medications
All patients received an equivalent of 300 mg of acetylsalicylic acid, 600 mg clopidogrel or 180 mg ticagrilor as a loading dose and heparin given as a bolus of 10,000 IU at the start of the PCI procedure. 2 After the procedure, all patients received aspirin (75 mg/d) indefinitely and clopidogrel (75 mg/d) or ticagrilor 90 mg twice daily for one year. Other medications, including beta-blockers, ACE-inhibitors, nitrates, and statins, were prescribed according to standardized protocols.
Invasive procedure and angiographic evaluation
Coronary angiography was performed by the femoral approach. All patients underwent P-PCI and stenting of the IRA according to standard techniques. Stent implantation was successfully completed in all patients; the choice of stent (bare-metal stent or drug-eluting stent) was left to the operator's discretion. We per- the arterial lesion. Otherwise, the patient was subjected to balloon angioplasty and stenting was done subsequently. Procedural success was defined as residual stenosis <20% and TIMI flow grade 3. Initial and post procedural TIMI flow grade of the IRA was assessed 9 .
Epicardial coronary blood flow was quantified visually using the TIMI flow grade classification prior to wire insertion and with TMBG after 10 min of P-PCI. 2, 8 The TIMI frame count of the coronary artery was obtained using the technique described by Gibson et al. 10 Thrombus burden was quantified according to TIMI thrombus grade previously described by Mueller et al. 5 The frame rate of a digital cardiac image was calculated at 15 frames/s. Manual thrombectomy was not used routinely but used only as a bailout in high thrombus burden (HTB) patients (Thrombus grade 4-5).
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In case of NR; all patients were managed according to local protocols including intracoronary injection of verapamil, adrenaline and GP 2b/3a inhibitor far distal in the coronary bed.
Syntax score (SS)
SS was calculated using SS calculator by an expert cardiologist from the baseline angiogram for all patients on discharge as a routine protocol (www.syntaxscore.com).
Electrocardiographic data
The 12-lead electrocardiogram (ECG) was recorded at presentation and within 90 min after P-PCI. The sum of ST segment elevation was measured 20 ms after the end of the QRS complex (the J point) from leads I, aVL and V1 through V6 for anterior myocardial infarction and leads II, III, aVF, V5 and V6 for inferior myocardial infarction. Patients with bundle branch block who had clear ischemic ST segment elevations were included in this analysis. In addition, subgroups of patients who had a reciprocal ST segment depression !0.1 mV were also evaluated. For the total ST segment deviation (no bundle branch block in this group) the sum of ST segment depression in leads II, III and aVF for anterior and that in leads V1-V4 for inferior myocardial infarction were added.
All ECGs were collected and analyzed by an investigator blinded to the assigned treatment. Total ST-segment deviation at inclusion was compared to that taken within 90 min after P-PCI. A complete ST-segment resolution !70% of the initial ST-segment deviation was calculated. 12 
Clinical outcome
According to the standardized protocol, all patients were seen (1, 3, 6, 9 and 12 months) at a dedicated out-patient clinic for a median of 180 days (90-270 days). Clinical outcome was evaluated through the monitoring of cardiac events at follow up. This included death defined as ''all-cause" death at follow-up. Reinfarction was defined as recurrent chest pain (after its complete resolution) with a new elevation in CK (by >50% of the last measured value or !2 Â normal upper limit) and/or new changes in the ECG (ST-segment elevation, new Q waves). Heart failure was defined as the presence of rales in more than one third of the lung fields that did not clear with coughing or evidence of pulmonary edema on chest radiograph. 13 Recurrent typical chest pain on follow up was also documented.
Sample size calculation
The study was designed to have a 95% power to detect a 30% incidence of NR. With an overall type I error rate of 0.05 (twosided). Sample size calculated to 278 patients for a population size of 2000 SETMI patients. With regard to drop-out at least 310 patients were planned to be included in the study.
Statistical analysis
Categorical variables were presented as counts and proportions (percentages) and compared by Pearson chi-square analysis or Fisher exact test. Normal distribution of continuous data was tested using a Kolmogorov-Smirnov test. Continuous and normally distributed data are presented as mean ± 1 SD and were compared by unpaired t test. Not-normally distributed data are expressed as median with interquartile range (IQR), and the Mann-Whitney U test was used to compare differences between two groups. Receiver operator characteristic (ROC) curve analysis was used to determine the cutoff points for significance in different continuous variables. Multivariate logistic and linear regression analysis was performed using all potentially relevant variables to identify baseline independent predictors of NR. All p-values are two-tailed, and statistical significance was defined as a value of p < 0.05. All analyses were performed with SPSS version 24.0 statistical software (SPSS Inc., Chicago, IL, USA).
Results
The study population consisted of 293 patients who underwent P-PCI and were treated according to the stent for life protocol. 91 (31.06%) patients had NR and 202had normal flow post P-PCI (Fig. 1) . Baseline characteristics of the two groups are summarized in Table 1 . The NR group were significantly older, were more commonly females, had total ischemic time >4 hours, and more anterior infarctions. No significant difference between the 2 groups regarding mean door to wire time (38.5 ± 13.5 vs. 43.8 ± 20 min, p = 0.09) which comes in agreement with the recent standard guidelines for P-PCI. 2 Absence of ST resolution > 70% after 90 min post PCI was a highly significant indicator of NR. Angiographic and procedural results are summarized in Table 2 . It reveals that, NR was more frequent in patients who had initial TIMI flow 1, mainly in Left anterior descending (LAD), long target lesion !21 mm, large vessel diameter !3 mm, HTB score !4 and high syntax score. Table 2 also reveals that the incidence of NR was significantly lower in the direct stenting group than in stenting with predilation. The NR group had significantly higher mean TIMI frame count (TFC) compared to the normal flow group.
Regarding six-month clinical outcome, all patients were followed for a median of 180 days (range 90-270 days). Total mortality occurred in 29 patients; the incidence of death was higher in the NR group than in patients with the normal flow (25.3% vs. 3%, p = 0.003) ( Table 3 ). The incidence of heart failure was significantly higher in the NR group (36% vs. 8%; p = 0.001). No differences were noted between the two groups with regard to the occurrence of re-infarction. No intracranial bleeding occurred. Determination of cut-off point for significant variables was done using ROC analysis. This revealed the following indicators: age >60 (sensitivity 95.6%, specificity 99%), Total ischemic time both >4 h (sensitivity 97.3%, specificity 95.7%), long lesion length >21 mm (sensitivity 97.8%, specificity 96.5%), RLD !3 mm (sensitivity 93.4%, specificity 97.5%), TFC > 22 frames (sensitivity 92.3%, specificity 97.0%), thrombus grade ! 4 (sensitivity 91.2%, specificity 93.6%) and low initial TIMI 1 (sensitivity 94.7%, specificity 96.5%). Univariate then multivariate binary logistic regression analysis; including all these indicators and risk factors; identified that high thrombus burden !4 (OR = 58.7, 95% CI = 15.23-226.7, p < 0.001), reference luminal diameter !3 mm, long symptoms to first medical contact time !4 h, anterior infarctions and syntax score !19 were independent predictors of NR. After adjustment for covariates, the use of thrombus aspiration in a high risk group of patients with high thrombus burden was associated with significant protection against NR (OR = 0.424, 95% CI = 0.22-0.82, p = 0.011) ( Table 4 , Fig. 2 ). 
Discussion
Key findings of the present study are: (1) the rate of NR phenomenon after P-PCI was 31%, (2) high thrombus burden in large caliber vessel with higher Syntax score presenting late with anterior MI are independent predictors of NR in our study, (3) total mortality and HF were significantly increased in patients with NR at 6 months follow-up, (4) Thrombus aspiration provides protection against NR in selected patients with high thrombus burden.
The incidence of NR in our study was 31% which comes in agreement with multiples studies with the same sample size. Sahin et al.
14 used the same NR definition and reported up to 33% incidence of NR in agreement with our study. Niccoli and his colleges 8 presented a detailed review on the NR phenomena and reported an incidence of NR as high as 50%. A low incidence of 1-3% has been recorded in large registries 3 based on TIMI flow grade, TMBG and ST resolution while NR in small studies has been reported in up to 30% utilizing TIMI grade.
14,15 In our study, patients with long reperfusion time (!4 h) had a significantly greater thrombus burden and a significant increase in NR rates than patients with short reperfusion times. It is well established that prolonged ischemia leads to edema of distal capillary beds, swelling of myocardial cells, neutrophil plugging and alterations of capillary integrity. Furthermore, delayed reperfusion can result in an older, more organized intracoronary thrombus, which may increase the risk of distal embolization during P-PCI. 16 In our study, the main factor for prolonged total ischemic time was patient's delay. Lack of general awareness concerning differentiation of chest pain, delay in seeking for medical advice especially in females and poverty were factors triggering patients delay in our locality. Transportation also played a role; public transportations prolong symptom-FMC time, while ambulance transportations foreshorten these time delays. 17 In our study only 24% of patients with NR were using ambulance transportation. In Analysis of Time Intervals Related to STEMI Management, the key factor affecting the total ischemic time was the patients' choice of the mode of transportation. Patients who opted for the ambulance, the intervals were significantly shorter. The principal delays were detected in the patients' delay which is consistent with us. 18 In Factors Affecting Time to Presentation in ST-Elevation Myocardial Infarction (FAT STEMI) study, patients who utilized emergency medical system (EMS) were associated with shorter time to presentation than self-presented patients. 19 In agreement with our results, Kirma et al. 9 showed that high thrombus burden (!4) was the main driving factor for NR. We found that anterior infarctions were associated with increased risk Fig. 2 . Shows the relation between thrombus burden, occurrence of no-reflow, usage of thrombus aspiration and incidence of total mortality. Patients with high thrombus burden significantly had higher incidence of no-reflow and the usage of thrombus aspiration significantly reduced the incidence of no-reflow and mortality especially in patients with high thrombus burden.
of NR especially with LAD coronary artery involvement which was involved alone in 46% of NR group in agreement with Ayad et al. study. 17 Also, wider RLD !3 mm was associated with increased risk of NR (93.4% of NR group had RLD !3 mm), this comes consistent with Kirma et al. who showed that large vessel diameter is associated with increased incidence of NR. 9 Concerning high syntax score, the cut-off point above which the syntax score became an independent predictor of NR in our study was 19.22. This result was consistent with the study of Sahin et al, in which the mean SS of the NR group was higher than that of the normal flow group and the cutoff value of SS obtained by the ROC curve analysis was 19.75. 15 Regarding thrombus aspiration; thrombus aspiration usage in our study, decreased the NR risk in patients with HTB by 58% (OR = 0.42, 95% CI = 0.22-0.82, p = 0.01). Two large randomized controlled trials showed no benefit on clinical outcomes of routine aspiration strategy overall. 20 Furthermore, a safety concern emerged in the TOTAL trial with an increase in the risk of stroke. 21 In the Taste 20 and TOTAL trials 21 , routine thrombus aspiration is not recommended, but in cases of large residual thrombus burden after opening the vessel with a guide wire or a balloon, thrombus aspiration as a bailout strategy may be considered and it's an area for further studies. 21 REMEDIA trial, which was the first randomized trial to assess the role of manual aspiration thrombectomy, reported an improved myocardial perfusion compared to standard PCI 22 . BCIS-NICOP registry found no significant mortality difference between the overall thrombectomy and the no thrombectomy groups at 30 days or 1 year. 23 In our study, thrombus aspiration usage was protective as a bailout strategy only in HTB. This concept comes in agreement with REMEDIA sub-study 24 and Svilaas et al study 25 ; both showed that thrombus aspiration significantly reduced the extent of microvascular obstruction and myocardial dysfunction. Hence, NR is associated with increased mortality, thrombus aspiration decrease the mortality risk in these high risk patients.
Final remarks, the high rate of NR in our study was mainly due to patient's delay which necessitates further efforts for community orientation and development of mature EMS with good networking between university hospitals, providing P-PCI, and community hospitals in upper Egypt. This could be the road for minimizing time loss and improving outcomes.
Our study has few limitations including, small sample size and lack of follow up by control angiography, myocardial contrast echocardiography and cardiac magnetic resonance imaging to determine if NR was of transient or persistent type contributed to higher rates of NR in our institute.
Conclusion
In the contemporary era of P-PCI, NR is more likely to occur in patients with high thrombus burden presenting late and is still associated with marked increases in adverse outcomes. Thrombus aspiration can prevent NR in patients with high thrombus burden.
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